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ABSTRACT
Economizer technology has become a critical method to improve the performance of air conditioners with rotary
compressor in low ambient temperature. A novel vapor injection structure on the blade of the rotary compressor has
been proposed in previous research to overcome the drawback of the traditional cylinder injection structure. Based
on a verified numerical system model, the performance of an air conditioner adopting different economized rotary
compressors has been investigated. The results indicate that: compared to the single cylinder rotary compressor with
traditional injection structure, the rotary compressor with blade injection structure can enhance the heating capacity
and COP by 12.9%~15.7% and 1.5%~4.1% in low ambient temperature, respectively. And compared to the twincylinder rotary compressor, the rotary compressor with blade injection structure has a competitive performance.

1. INTRODUCTION
Economizer technology has previously been used in centrifugal compressors, screw compressors and scroll
compressors. Many investigations indicated the economizer technology could effectively improve the compressor
performance in low ambient temperature [1-3].However, the application of economizer in single-cylinder rotary
compressors, which is also called vapor injection into the rotary compressor, is not as wide as twin-cylinder rotary
compressors and scroll compressors [4-5]. The main barrier constraining the application of economizer in singlecylinder rotary compressors is its inherent compressor structure. For the single-cylinder rotary compressor with
conventional injection structure, whose injection port is opened in the cylinder and close to the discharge port,
considerable injected refrigerant gas directly flows back into the suction tube. The back-flowing will reduce the
practical suction refrigerant from the suction tube and decrease the volumetric efficiency of the compressor. On the
other side, constrained by the limited space for injection port and considering to avoid a larger back-flowing, the
area of the injection port could not be enlarged. Finally, back-flowing of the injected refrigerant and limited
injection port area leads to the constricted injection mass flow-rate and constricted enhancement on the performance.
That is the main reason why the economizer technology is not well developed in single-cylinder rotary compressor,
not like in twin-cylinder rotary compressors and scroll compressors.
However, compared to twin-cylinder rotary compressors, the single-cylinder rotary compressor has some advantages,
such as simpler structure, lower cost and better reliability. So if the gas injection performance of the single-cylinder
rotary compressor can be greatly improved, it will produce great value. According to above, a novel vapor injection
structure on the blade for the single-cylinder rotary compressor has been proposed [6]. Preliminary research
indicated that the proposed vapor injection structure can eliminate the back-flowing of the injected refrigerant
completely. Meanwhile, the novel blade injection structure can enhance the heating capacity and COP of the
compressor under the constant evaporating temperature and the constant condensing temperature by 23.1~48.9%
and 3.2~8.0%, respectively, compared to the traditional injection structure.
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To evaluate the system performance of single-cylinder rotary compressor with the new blade injection structure, a
numerical study on an air conditioner equipped with rotary compressor is conducted in this research. Three kinds of
rotary compressors with same suction volume, including a twin-cylinder rotary compressor, a single rotary
compressor with traditional injection structure, and a single rotary compressor with the blade injection structure, are
respectively adopted in the air conditioner for comparison.

2. AIR CONDITIONERS WITH DIFFERENT ECONOMIZED ROTARY
COMPRESSORS
Figure 1 shows system schematics of air conditioners with different rotary compressors. Figure 1(a) present an air
conditioner with twin-cylinder rotary compressor. Figure 1(b) present an air conditioner with single-cylinder rotary
compressor using traditional injection structure. Figure 1(c) shows the air conditioner with a rotary compressor
adopting the new blade injection structure. The high pressure refrigerant gas coming from discharge port of
compressor is condensed in the condenser into high pressure liquid, then throttled by the first expansive valve and
flows into the flash tank. In the flash tank, the saturated refrigerant gas at the top of tank goes through the injection
pipe, the injection passage and the injection port on the blade and finally is injected into the compression pocket.
The other refrigerant in the flash tank, saturated liquid refrigerant, is throttled by the second expansive valve and
flows into the evaporator. The refrigerant is sucked by the compressor into the suction pocket after heated in the
evaporator into a superheated gas.

Second expansion valve

Second
expansion
valve

First expansion valve

(a) With twin-cylinder rotary compressor

First
expansion
valve

(b) With rotary compressor using cylinder injection

Second
expansion
valve

First
expansion
valve

(c) With single rotary compressor using blade injection
Fig. 1 Air conditioners with different rotary compressors
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The difference between Figure 1(b) and Figure 1(c) is the position of injection port. The injection port of the rotary
compressor with traditional injection structure is opened in the cylinder as Figure 1(b), in which the back-flowing of
the injected refrigerant gas into the suction tube is inevitable.

3. MODELLING
In order to investigate the performance of the air conditioner with different economized rotary compressors, the
detailed distributed-parameter models of three kinds of rotary compressors and systems are built as follows.

3.1 Compressor
Except for the injection model, the models of the gas-injected rotary compressors, including the rotary compressor
with traditional cylinder injection structure and the rotary compressor with blade injection structure, are completely
same. The models of these two kinds of gas-injected rotary compressor have been established in previous research
[6]. For the twin-cylinder rotary compressor, the working principle actually is two-stage compression process. It
should be noted that, because the flash tank is used as economizer, the injected gas refrigerant mass flow-rate must
equal to the gas generated in the flash tank, which is one of the important convergence index.

3.2 Heat exchanger, flash tank and expansive valve
A distributed-parameter model is developed to describe the characteristics of the condenser and the evaporator.
Gnielinsk [7] correlations is adopted to calculate the in-tube convective heat transfer coefficient of refrigerant at the
single-phase region. Gungor-Winterton [8] correlations are used to calculate the in-tube convective heat transfer
coefficient of refrigerant at two-phase zone of the evaporator. Dobson-Chato [9] model is used to calculate the intube convective heat transfer coefficient of refrigerant at two-phase zone of the condenser. Friede [10] model is
applied to calculate the pressure drop of refrigerant in tube.
For the flash tank, the inlet refrigerant enthalpy and the total outlet enthalpy both are equal to the refrigerant
enthalpy at the outlet of the condenser. And the outlet gas and the outlet liquid both are saturated.

3.3 System model
C++ was used to solve equations because the solution procedure includes many submodules. And the method of
variable step size was applied during calculating to reduce the calculation time. The method of 4th Order RungeKutta was used to improve calculation accuracy and accelerate the convergence process. Besides, the REFPROP,
which is an international common software, was called to calculate refrigerant properties.

3.4 System model verification
To verify the accuracy of the model, the experimental data from a public papers [11] are collected to compare with
simulation results. Figure 2 illuminates the simulation results of the air source heat pump with cylinder gas-injected
rotary compressor compared to experimental results, which indicates that the heating capacity error is within 6% and
the power consumption error is within 7%. Figure 3 presents the simulation results of air source heat pump with a
two-stage rotary compressor compared to experimental results, which indicates the heating capacity error is within
7% and the power consumption error is within 6%. Generally speaking, the model have relative high accuracy and
can be used in the further research.

23rd International Compressor Engineering Conference at Purdue, July 11-14, 2016

1369, Page 4

Fig. 2. Rotary compressor with traditional injection structure

Fig. 3. Twin-cylinder rotary compressor

4. RESEARCH SCENARIO
Just as aforementioned, the gas injection will enhance the system heating performance under low ambient
temperature conditions. So the heating performance of the air conditioners under low ambient temperature
conditions are investigated in this paper. The suction volumes of single-cylinder rotary compressors and the lowpressure cylinder of the twin-cylinder rotary compressor keep same. The suction volume ratio of the high-pressure
cylinder to the low-pressure one of the twin-cylinder is selected as 0.7 according to previous optimal research [4].

5. RESULTS AND DISCUSSION
Figure 4 shows the refrigerant flowrate in the evaporator and condenser. According to Figure 4(a), the refrigerant
mass flowrate of twin-cylinder system in evaporator is greater than the air conditioner with single rotary compressor
as same suction volume and close evaporating temperature for three kinds of compressors and the refrigerant
injection has a clear negative effect on the suction of the rotary compressor, which can be attributed to the increase
of the inner leakage of blade injection compressor[6]. The mass flowrate for the air conditioner with the blade
injection is greater than the cylinder injection system as the heavy back-flowing of injected refrigerant in cylinder
injection compressor [6].
As an addition of refrigerant flowrate in evaporator and injected refrigerant flowrate, the condenser mass flowrate of
the two-stage rotary compressor is greater than the single-cylinder rotary compressor with the blade injection
structure and the formers both are greater than the rotary compressor with traditional injection structure as Figure
4(b).

(a) Evaporator side
(b) Condenser side
Fig. 4 comparison of system refrigerant mass flowrates
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(a)Heating capacity
(b)COP
Fig. 5 System performances of different air conditioners with different economizer
Figure 5(a) and Figure 5(b) show the heating capacity and COP of air conditioner with different economizer. The
heating capacity of the rotary compressor with the novel injection structure is slightly smaller than the one with the
two-stage rotary compressor under all the working conditions. The blade injection system shows a slight
improvement in COP relative to the twin-cylinder rotary compressor when the ambient temperature is higher than 10◦C. But generally, the air conditioner with blade injected rotary compressor has a competitive performance with
the air conditioner with twin-cylinder rotary compressor. On the other side, compared to the rotary compressor with
cylinder injection structure, the heating capacity and COP with the new blade injection structure is enhanced by
12.9%~15.7% and 1.5%~4.1%, respectively.

6. CONCLUSIONS
Based on a verified numerical model, air conditioners with different rotary compressors, including a two-stage
rotary compressor, a single rotary compressor with traditional injection structure and a single rotary compressor with
the novel injection structure, are investigated and the results indicate:
(1)The air conditioner with blade injected rotary compressor has a competitive performance with the air conditioner
with twin-cylinder rotary compressor, and the rotary compressor with the blade injection structure could be
considered to replace the two-stage rotary compressor.
(2)Compared to the air conditioner with cylinder injection, the blade injection structure can enhance heating
capacity and COP by 12.9%~15.7% and 1.5%~4.1%, respectively.
(3)The heating capacity of the rotary compressor with the blade injection structure is slightly smaller than the one
with the two-stage rotary compressor under all the working conditions. The blade injection system shows a slight
improvement in COP relative to the twin-cylinder rotary compressor when the ambient temperature is higher than 10◦C.
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